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(57) ABSTRACT

The present invention provides an integrated inductor and an
integrated inductor fabricating method. The integrated induc-
tor comprises: a semiconductor substrate, a plurality of deep
trenches, and an inductor. The deep trenches are formed inthe
semiconductor substrate and arranged in a specific pattern,
and the deep trenches are filled with a metal material to form
a patterned ground shield (PGS). The inductor is formed
above the semiconductor substrate. The integrated inductor
fabricating method comprises: forming a semiconductor sub-
strate; forming a plurality of deep trenches in the semicon-
ductor substrate and arranging the deep trenches in a specific
pattern; filling the deep trenches with a metal material to form
a patterned ground shield (PGS); and forming an inductor
above the semiconductor substrate.

10 Claims, 18 Drawing Sheets
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INTEGRATED INDUCTOR AND
INTEGRATED INDUCTOR FABRICATING
METHOD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an integrated inductor and
an integrated inductor fabricating method, and more particu-
larly, to an integrated inductor with innovative patterned
ground shield (PGS) and an integrated inductor fabricating
method.

2. Description of the Prior Art

With development of SoC in IC manufacturing, passive
components such as the integrated inductor has been widely
integrated in high frequency IC. However, since the IC manu-
facturing generally uses silicon substrate structure, the inte-
grated inductor has low Q-factor problem due to substrate
loss.

Thus, a patterned ground shield (PGS) formed by polysili-
con is utilized for reducing eddy current of the integrated
inductor to increase Q-factor. For example, Please refer to
FIG. 1. FIG. 1 shows a cross-sectional diagram of an inte-
grated inductor 50 disclosed by U.S. Pat. No. 8,106,479. As
shown in FIG. 1, a PGS 22 is formed between the inductor 30
and gate oxide layer 24. However, the PGS 22 has bad block-
ing effect for deep eddy current in the semiconductor sub-
strate 10. In addition, material of the PGS 22 is polysilicon
which can not reduce eddy current efficiently.

SUMMARY OF THE INVENTION

It is therefore one of the objectives of the present invention
to provide an integrated inductor and an integrated inductor
fabricating method with innovative patterned ground shield
(PGS), to reduce eddy current and increase Q-factor.

In accordance with an embodiment of the present inven-
tion, an integrated inductor is disclosed. The integrated induc-
tor comprises: a semiconductor substrate, a plurality of deep
trenches, and an inductor. The deep trenches are formed in the
semiconductor substrate and arranged in a specific pattern,
and the deep trenches are filled with a metal material to form
a patterned ground shield (PGS). The inductor is formed
above the semiconductor substrate.

In accordance with an embodiment of the present inven-
tion, an integrated inductor fabricating method is disclosed.
The integrated inductor fabricating method comprises: form-
ing a semiconductor substrate; forming a plurality of deep
trenches in the semiconductor substrate and arranging the
deep trenches in a specific pattern; filling the deep trenches
with a metal material to form a patterned ground shield
(PGS); and forming an inductor above the semiconductor
substrate.

Briefly summarized, compared with prior art, since the
integrated inductor and the integrated inductor fabricating
method disclosed by the present invention have the innovative
PGS, forming of deep eddy current in the semiconductor
substrate can be avoided and possible occurring paths of eddy
current are blocked to attain the optimal blocking effect, and
Q-factor can be increased.

These and other objectives of the present invention will no
doubt become obvious to those of ordinary skill in the art after
reading the following detailed description of the preferred
embodiment that is illustrated in the various figures and draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a cross-sectional diagram of an integrated
inductor disclosed by U.S. Pat. No. 8,106,479.
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2

FIG. 2 shows a cross-sectional diagram of an integrated
inductor in accordance with a first embodiment of the present
invention.

FIG. 3 shows a top-view structure diagram of the integrated
inductor in the first embodiment of the present invention.

FIG. 4 shows a flowchart of the present invention showing
an integrated inductor fabricating method according to the
integrated inductor in the first embodiment of the present
invention in accordance with a first embodiment of the
present invention.

FIG. 5 shows a cross-sectional diagram of an integrated
inductor in accordance with a second embodiment of the
present invention.

FIG. 6 shows a top-view structure diagram of the integrated
inductor in the second embodiment of the present invention.

FIG. 7 shows a top-view structure diagram of the integrated
inductor in the third embodiment of the present invention.

FIG. 8 shows a top-view structure diagram of the integrated
inductor in the second embodiment of the present invention.

FIG. 9 shows a flowchart of the present invention showing
an integrated inductor fabricating method according to the
integrated inductor in the second embodiment of the present
invention in accordance with a second embodiment of the
present invention.

FIG. 10 shows a cross-sectional diagram of an integrated
inductor in accordance with a fourth embodiment of the
present invention.

FIG. 11 shows a top-view structure diagram of the inte-
grated inductor in the fourth embodiment of the present
invention.

FIG. 12 shows a simplified diagram of the integrated induc-
tor of the fourth embodiment applied to the Flip Chip.

FIG. 13 shows a flowchart of the present invention showing
an integrated inductor fabricating method according to the
integrated inductor in the fourth embodiment of the present
invention in accordance with a fourth embodiment of the
present invention.

FIG. 14 shows a cross-sectional diagram of an integrated
inductor in accordance with a fifth embodiment of the present
invention.

FIG. 15 shows a bottom-view structure diagram of the
integrated inductor in the fifth embodiment of the present
invention.

FIG. 16 shows a simplified diagram of the integrated induc-
tor of the fifth embodiment applied to a 3D IC.

FIG. 17 shows a flowchart of the present invention showing
an integrated inductor fabricating method according to the
integrated inductor in the fifth embodiment of the present
invention in accordance with a fifth embodiment of the
present invention.

FIG. 18 shows a simplified diagram of the integrated induc-
tor of the present invention applied to a 3D IC.

DETAILED DESCRIPTION

Please refer to FIG. 2. FIG. 2 shows a cross-sectional
diagram of an integrated inductor 200 in accordance with a
first embodiment of the present invention. As shown in FIG. 2,
the integrated inductor 200 comprises: a semiconductor sub-
strate 202, a plurality of deep trenches 204, and an inductor
206. The deep trenches 204 are formed in the semiconductor
substrate 202 and arranged in a specific pattern (for example,
as shown in FIG. 3, FIG. 3 shows a top-view structure dia-
gram of the integrated inductor 200, but it is not meant to be
a limitation of the present invention), and the deep trenches
204 are filled with a metal material (such as copper, alumi-
num, or gold) to form a patterned ground shield (PGS) 208,
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wherein width of the deep trenches 204 can be smaller than 20
micrometers, and depth of the deep trenches 204 can be
smaller than 100 micrometers but greater than 20 microme-
ters. The inductor 206 can be formed above the semiconduc-
tor substrate 202. In addition, there can be no other redundant
PGS between the inductor 206 and the semiconductor sub-
strate 202. Please note that the above embodiment is only for
an illustrative purpose and is not meant to be a limitation of
the present invention. For example, the PGS 208 can be
grounded in addition to further reduce eddy current and
increase Q-factor. Please refer to FIG. 2 and FIG. 3, the PGS
208 is orthogonal to the inductor 206 below the inductor 206.

Different from past, current advanced semiconductor pro-
cess technology can fabricate deep trenches with extremely
small width, and thus the present invention can use it to
fabricate the deep trenches 204 with the specific pattern in the
semiconductor substrate 202, and fill the deep trenches 204
with a metal material to form an innovative PGS, so as to
replace the PGS of forming polysilicon between the inductor
and gate oxide layer in prior art (Please refer to FIG. 1)

Please refer to FIG. 4. FIG. 4 shows a flowchart of the
present invention showing an integrated inductor fabricating
method according to the integrated inductor 200 in accor-
dance with a first embodiment of the present invention. Pro-
vided that substantially the same result is achieved, the steps
of the process flowchart do not have to be in the exact order
shown in FIG. 4 and need not be contiguous, meaning that
other steps can be intermediate. The integrated inductor fab-
ricating method of the first embodiment of the present inven-
tion comprises the following steps:

Step 400: Form a semiconductor substrate;

Step 402: Form a plurality of deep trenches in the semi-
conductor substrate and arranging the deep trenches in a
specific pattern.

Step 404: Fill the deep trenches with a metal material to
form a PGS.

Step 406: Form an inductor above the semiconductor sub-
strate.

Please note that the above embodiment is only for an illus-
trative purpose and is not meant to be a limitation of the
present invention. For example, the integrated inductor fab-
ricating method can further comprise a step: connecting the
PGS to ground. Preferably, the PGS 208 is orthogonal to the
inductor below the inductor.

Please refer to FIG. 5. FIG. 5 shows a cross-sectional
diagram of an integrated inductor 500 in accordance with a
second embodiment of the present invention. As shown in
FIG. 5, the integrated inductor 500 comprises: a semiconduc-
tor substrate 502, a plurality of through silicon vias (TSVs)
504, and an inductor 506. The TSVs 504 are formed in the
semiconductor substrate 502 and arranged in a specific pat-
tern (for example, as shown in FIG. 6, FIG. 6 shows a top-
view structure diagram of the integrated inductor 500, but it is
not meant to be a limitation of the present invention), and the
TSVs 504 are filled with a metal material (such as copper,
aluminum, or gold) to form a patterned ground shield (PGS)
508, wherein width of the TSVs 504 can be smaller than 20
micrometers. The inductor 506 can be formed above the
semiconductor substrate 502. Please note that there can be no
other redundant PGS between the inductor 506 and the semi-
conductor substrate 502 in the present invention. In addition,
the integrated inductor 500 can be applied to a Si Interposer in
a3D IC. Please note that the above embodiment is only for an
illustrative purpose and is not meant to be a limitation of the
present invention. For example, the PGS 508 can be grounded
in addition to further reduce eddy current and increase Q-fac-
tor. Moreover, in a third embodiment of the present invention,
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the integrated inductor 500 can further comprises: a shielding
metal layer 510, for connecting with the TSVs 504 according
to the specific pattern, as shown in FIG. 7. The shielding metal
layer 510 also can be connected with the TSVs 504 according
to the specific pattern to jointly form the PGS 508, as shown
in FIG. 8. Preferably, the shielding metal layer 510 of the PGS
508 is orthogonal to the inductor below the inductor, wherein
the shielding metal layer 510 can be formed by metal 1 in the
semiconductor process.

Different from past, current advanced semiconductor pro-
cess technology can fabricate TSVs with extremely small
width, and thus the present invention can use it to fabricate the
TSVs 504 with the specific pattern in the semiconductor
substrate 502, and fill the TSVs 504 with a metal material to
form an innovative PGS, so as to replace the PGS of forming
polysilicon between the inductor and gate oxide layer in prior
art (Please refer to FIG. 1)

Please refer to FIG. 9. FIG. 9 shows a flowchart of the
present invention showing an integrated inductor fabricating
method according to the integrated inductor 500 in accor-
dance with a second embodiment of the present invention.
Provided that substantially the same result is achieved, the
steps of the process flowchart do not have to be in the exact
order shown in FIG. 9 and need not be contiguous, meaning
that other steps can be intermediate. The integrated inductor
fabricating method of the second embodiment of the present
invention comprises the following steps:

Step 600: Form a semiconductor substrate;

Step 602: Form a plurality of TSVs in the semiconductor
substrate and arranging the TSVs in a specific pattern.

Step 604: Fill the TSVs with a metal material to form a
PGS.

Step 606: Form an inductor above the semiconductor sub-
strate.

Please note that the above embodiment is only for an illus-
trative purpose and is not meant to be a limitation of the
present invention. For example, the integrated inductor fab-
ricating method can further comprise a step: connecting a
shielding metal layer with the TSVs according to the specific
pattern. Preferably, the shielding metal layer of the PGS is
orthogonal to the inductor below the inductor, wherein the
shielding metal layer can be formed by metal 1 in the semi-
conductor process.

Please refer to FIG. 10. FIG. 10 shows a cross-sectional
diagram of an integrated inductor 700 in accordance with a
fourth embodiment of the present invention. As shown in FIG.
10, the integrated inductor 700 comprises: a semiconductor
substrate 702, a redistribution layer (RDL) metal layer 704,
and an inductor 706. The inductor 706 is formed above the
semiconductor substrate 702. The RDL metal layer 704 is
formed above the inductor 706 with a specific pattern (for
example, as shown in FIG. 11, FIG. 11 shows a top-view
structure diagram of the integrated inductor 700, but it is not
meant to be a limitation of the present invention) to form a
patterned ground shield (PGS) 708, wherein material of the
RDL metal layer 704 can be aluminum. Please note that there
can be no other redundant PGS between the inductor 706 and
the semiconductor substrate 702 in the present invention. In
addition, the integrated inductor 700 can be applied to an
integrated passive device (IPD) in a 3D IC. The integrated
inductor 700 in this embodiment can be applied to Flip Chip.
Please refer to FI1G. 12. FIG. 12 shows a simplified diagram of
the integrated inductor 700 of the fourth embodiment applied
to the Flip Chip. As shown in FIG. 12, when a first chip 720
comprising the integrated inductor 700 is reversed down, the
PGS 708 formed by the RDL metal layer 704 above the
integrated inductor 700 can reduce eddy current and increase
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Q-factor, and can further prevent inductor magnetic field flow
in the first chip 720 from affecting signals in a second chip
730 below efficiently. Please note that the above embodiment
is only for an illustrative purpose and is not meant to be a
limitation of the present invention. For example, the PGS 708
can be grounded in addition to further reduce eddy current
and increase Q-factor. As shown in FIG. 10 and FIG. 11,
preferably, the RDL metal layer 704 is orthogonal to the
inductor 706 above the inductor 706.

Please refer to FIG. 13. FIG. 13 shows a flowchart of the
present invention showing an integrated inductor fabricating
method according to the integrated inductor 700 in accor-
dance with a fourth embodiment of the present invention.
Provided that substantially the same result is achieved, the
steps of the process flowchart do not have to be in the exact
order shown in FIG. 13 and need not be contiguous, meaning
that other steps can be intermediate. The integrated inductor
fabricating method of the fourth embodiment of the present
invention comprises the following steps:

Step 800: Form a semiconductor substrate;

Step 802: Form an inductor above the semiconductor sub-
strate.

Step 804: Form a RDL metal layer having a specific pattern
above the inductor to form a PGS.

Please note that the above embodiment is only for an illus-
trative purpose and is not meant to be a limitation of the
present invention. For example, the integrated inductor fab-
ricating method can further comprise a step: connecting the
PGS to ground. Preferably, the RDIL metal layer is orthogonal
to the inductor above the inductor.

Please refer to FIG. 14. FIG. 14 shows a cross-sectional
diagram of an integrated inductor 900 in accordance with a
fifth embodiment of the present invention. As shown in FIG.
14, the integrated inductor 900 comprises: a semiconductor
substrate 902, a plurality of through silicon vias (TSVs) 904,
an inductor 906, and a back side redistribution layer (RDL)
metal layer 910. The inductor 906 formed above the semi-
conductor substrate 902. The back side RDL metal layer 910
is formed below the semiconductor substrate 902 and con-
nected with the TSVs, and the back side RDL metal layer 910
has a specific pattern (for example, as shown in FIG. 15, FIG.
15 shows a bottom-view structure diagram of the integrated
inductor 900, but it is not meant to be a limitation of the
present invention) to form a patterned ground shield (PGS)
908, wherein material of the back side RDL metal layer 910
can be aluminum. Please note that there can be no other
redundant PGS between the inductor 906 and the semicon-
ductor substrate 902 in the present invention. In addition, the
integrated inductor 900 can be applied to a Si Interposer in a
3D IC. Please refer to FIG. 16. FIG. 16 shows a simplified
diagram of the integrated inductor 900 of the fifth embodi-
ment applied to a 3D IC 920. As shown in FIG. 16,3D IC 920
comprises a first chip 930, a Si Interposer 940, and a second
chip 950, wherein the Si Interposer 940 has the integrated
inductor 900, and the PGS 908 formed by the back side RDL
metal layer 910 below the integrated inductor 900 can reduce
eddy current and increase Q-factor, and can further prevent
inductor magnetic field flow in the Si Interposer 940 from
affecting signals in the second chip 950 below efficiently.
Please note that the above embodiment is only for an illustra-
tive purpose and is not meant to be a limitation of the present
invention. For example, the PGS 908 can be grounded in
addition to further reduce eddy current and increase Q-factor.

Please refer to FIG. 17. FIG. 17 shows a flowchart of the
present invention showing an integrated inductor fabricating
method according to the integrated inductor 900 in accor-
dance with a fifth embodiment of the present invention. Pro-
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vided that substantially the same result is achieved, the steps
of the process flowchart do not have to be in the exact order
shown in FIG. 17 and need not be contiguous, meaning that
other steps can be intermediate. The integrated inductor fab-
ricating method of the fifth embodiment of the present inven-
tion comprises the following steps:

Step 1000: Form a semiconductor substrate;

Step 1002: Form a plurality of TSVs in the semiconductor
substrate.

Step 1004: Forman inductor above the semiconductor sub-
strate.

Step 1006: Form a back side RDL metal layer having a
specific pattern below the semiconductor substrate, and con-
nect the back side RDL metal layer with the TSVs to form a
PGS.

Please note that the above embodiment is only for an illus-
trative purpose and is not meant to be a limitation of the
present invention. For example, the integrated inductor fab-
ricating method can further comprise a step: connecting the
PGS to ground.

In addition, the integrated inductor of the present invention
can be applied to a Si Interposer in a 3D IC. Please refer to
FIG. 18. FIG. 18 shows a simplified diagram of the integrated
inductor of the present invention applied to a 3D IC 1120. As
shown in FIG. 18, 3D IC 1120 comprises a first chip 1130, a
Si Interposer 1140, and a second chip 1150, wherein the Si
Interposer 1140 has the integrated inductor of the present
invention, which comprises: through silicon vias (TSVs) and
a back side redistribution layer (RDL) metal layer or a RDL
metal layer.

Briefly summarized, compared with prior art, since the
integrated inductor and the integrated inductor fabricating
method disclosed by the present invention have the innovative
PGS, forming of deep eddy current in the semiconductor
substrate can be avoided and possible occurring paths of eddy
current are blocked to attain the optimal blocking effect, and
Q-factor can be increased, and the integrated inductor and the
integrated inductor fabricating method disclosed by the
present invention can be applied to a 3D IC or Flip Chip.

Those skilled in the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What is claimed is:

1. An integrated inductor, comprising:

a semiconductor substrate;

a plurality of deep trenches, formed in the semiconductor
substrate extending from a surface of the semiconductor
substrate towards an opposite surface without reaching
the opposite surface of the semiconductor substrate and
arranged in a specific pattern such that a width of each
deep trench is smaller than a depth of each deep trench of
the plurality of deep trenches, and wherein the deep
trenches are filled with a metal material to form a pat-
terned ground shield (PGS); and an inductor, formed
directly above the PGS and having a pattern directly
covering the PGS such that a coil of the inductor crosses
some of the deep trenches among the plurality of
trenches in the width direction in a top view.

2. The integrated inductor of claim 1, wherein the PGS is

grounded.

3. The integrated inductor of claim 2, wherein there is no
PGS between the inductor and the semiconductor substrate.

4. The integrated inductor of claim 1, wherein the width of
the deep trenches is smaller than 20 micrometers, and the
depth of the deep trenches is smaller than 100 micrometers.
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5. The integrated inductor of claim 1, wherein the metal
material is copper, aluminum, or gold.

6. The integrated inductor of claim 1, wherein the deep
trenches extending in the semiconductor substrate are sub-
stantially orthogonal to the coil of the inductor below the
inductor.

7. An integrated inductor fabricating method, comprising:

forming a semiconductor substrate;

forming a plurality of deep trenches in the semiconductor

substrate extending from a surface of the semiconductor
substrate towards an opposite surface without reaching
the opposite surface of the semiconductor substrate and
arranging the deep trenches in a specific pattern such
that a width of each deep trench is smaller than a depth
of'each deep trench of the plurality of deep trenches;

filling the deep trenches with a metal material to form a

patterned ground shield (PGS); and
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forming an inductor directly above the PGS and the induc-
tor having a pattern directly covering the PGS such that
a coil of the inductor crosses some of the deep trenches
among the plurality of trenches in the width direction in
atop view.

8. The integrated inductor fabricating method of claim 7,
further comprising:

connecting the PGS to ground.

9. The integrated inductor fabricating method of claim 7,
wherein the width of the deep trenches is smaller than 20
micrometers, and the depth of the deep trenches is greater
than 20 micrometers.

10. The integrated inductor fabricating method of claim 7,
wherein the deep trenches extending in the semiconductor
substrate are substantially orthogonal to the coil of the induc-
tor below the inductor.

#* #* #* #* #*



